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摘要 
 
  I 
摘要 
Hippo 信号通路是一条生长信号抑制性通路，对调控细胞的增殖和分化发挥
着重要的作用。激酶 Mst1 和 Mst2 是 Hippo 信号通路的两个主要成员。近些年
来，研究发现 Mst1 和 Mst2 在脾脏、胸腺、淋巴结等免疫组织中检测到大量的
表达。有多篇文献报道，Mst1/2 在 T 细胞的发育、粘附和迁移等过程具有重要
的调控作用。那Mst1/2 在天然免疫中又充当什么样的角色呢? 
我们研究发现，Hippo信号通路的重要成员激酶 Mst1 和Mst2 在造血系统特
异性敲除后，70%左右的小鼠脾脏会肿大并且会发生反复多次的细菌感染，有多
个脏器的炎症，例如肺炎或肺部的脓肿、自发性的结肠炎、肾小球肾炎等，平均
寿命只能达到 6 个月左右。这说明激酶 Mst1 和 Mst2 在天然免疫中确实有重要
的功能。 
为了研究 Mst1 和 Mst2 在抵御病原体感染过程中所发挥的作用，我们利用
CLP 模型分析野生型和 cDKO(Mst1fl/fl Mst2fl/fl Lyz2-Cre)的小鼠，发现 cDKO的小
鼠 CLP 后存活率明显低于野生型，各个组织检测到大量细菌。进一步分析发现，
这是由于 cDKO 的巨噬细胞和中性粒细胞的杀伤细菌的能力明显降低造成的。
我们检测 cDKO 的巨噬细胞和中性粒细胞发现 F-actin 结构弥散混乱，在
LPS/Pam3CSK4 刺激或细菌感染的情况下线粒体迁移到吞噬泡过程有明显缺陷，
从而导致线粒体 ROS 的产生有缺陷，不能有效快速的清除被吞噬的细菌。小 G
蛋白家族成员 Rac可以调控肌动蛋白的解聚和聚合进而调控细胞骨架的构建。我
们用Rac1G12V与 cDKO小鼠杂交配出的Mst1/2 cDKO-Rac1G12V的小鼠可以完全挽
救由于Mst1/2 缺失所造成的免疫缺陷的表型。 
综上所述，在细菌感染的情况下，激酶 Mst1 和Mst2 可以通过激活 Rac1 来
调节细胞骨架，促进线粒体向包含细菌的吞噬泡迁移从而调节线粒体活性氧的产
生，进而有效快速清除病原菌。本文的研究为抗感染性疾病的研究和治疗提供了
新的思路和理论依据。 
 
关键词：Mst1/2，天然免疫，吞噬细胞，活性氧，线粒体活性氧，Rac1 
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  III 
Abstract 
As a tumor repressor pathway, the Hippo signaling plays an important role in 
regulating cell proliferation and differentiation. Of which, Kinases Mst1 and Mst2 are 
the key components. In recent years, Mst1/2 were found strongly expressed in 
immune system, such as spleen, thymus, lymph nodes etc. Further, whose impressive 
regulatory role in the T cell adhesion and migration was disclosed. 
In this study, using the Mst1/2 hematopoietic cell-specific knockout Mice, we 
found  that the great majority (~70%) of Mst1
−/−
Mst2
fl/fl
Vav-Cre mice exhibited 
multiple or recurrent infections such as pneumonia, lung abscesses, and unprovoked 
multiple organic inflammation(e.g, colitis, glomerulonephritis). This suggests that 
kinases Mst1/2 are indispensably involved into the innate immunity regulation. 
Afterwards, establishing the CLP challenge model, we found that the survival 
rate of cDKO(Mst1
fl/fl 
Mst2
fl/fl
 Lyz2 - Cre) mice was significantly lower than the wild 
type mice, meanwhile, a larger number of bacteria is detected in the various 
organizations of cDKO mice, which implicates the deletion of Mst1/2 could lead to 
defection of macrophages and neutrophils killing bacteria. Furthermore, in the cDKO 
macrophages and neutrophils we mechanically found that Rac, a member of the small 
G protein family, was deactivated to cause the disruption of the cytoskeleton and 
failure of mitochondria migrating to phagosomes.   
In summary, our work has demonstrated that in macrophages and neutrophils 
cells, to achieving the rapid the pathogenic bacteria killing, kinases Mst1/2 can 
regulate cell skeleton by activating Rac1 to promote mitochondria migrating to 
phagosomes. Our study provides a novel molecular insight benefiting the future 
design of therapeutic agents for antimicrobial infection. 
 
Keywords：Mst1/2, innate immunity, phagocytic cell, reactive oxygen species, 
mitochondrial ROS, Rac1 
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